Objective: This study aimed to investigate a number of structural, cellular, and molecular responses to heliumneon (632.8 nm) laser irradiation following a single dose of 0.5, 2.5, 5, or 10 J/cm 2 on normal and wounded human skin fibroblasts. Background Data: Low-level laser therapy (LLLT) is a form of phototherapy, involving the application of low-power monochromatic and coherent light to injuries and lesions to stimulate healing. 1 This therapy has been successfully used for pain attenuation and to induce wound healing in nonhealing defects. 2 Methods: Changes in normal and wounded fibroblast cell morphology were evaluated by light microscopy. Cellular parameters evaluated cell proliferation, cell viability, and cytotoxicity while molecular parameters assessed the extent of DNA damage. Results: The results clearly demonstrate that LLLT has an effect on normal and wounded 3 human skin fibroblasts. The parameters showed that doses of 0.5, 2.5, 5, and 10 J/cm 2 were sufficient to produce measurable changes in fibroblast cells. Conclusion: A dose of 10 J/cm 2 appeared to produce a significant amount of cellular and molecular damage, which could be an important consideration for other therapies, such as photodynamic therapy.
INTRODUCTION E
NERGY DEPOSITED IN A TISSUE is the product of the power of the laser and the length of time that the beam is in contact with the tissue. The duration of exposure of the energy is an important variable in controlling desired and unwanted effects on tissue. 4 When a laser beam is irradiated onto tissue, a local or topical primary response occurs at the cellular level; this is followed to some degree over a greater area by a systemic secondary response. Low-level laser therapy (LLLT) reactions are nonthermal since there is no immediate increase in the temperature of laser-irradiated tissue. 2 Experiments following LLLT have shown that immediate increase of heat in the target tissue is negligible (±1°C). As the law of Arndt-Schultz states, in a biological system, weak stimuli will elicit strong reactions from the system, medium stimuli will cause moderate reactions, moderately strong stimuli will slightly inhibit the system, and very strong stimuli will completely retard it. 2 LLLT irradiation includes wavelengths from 500-1100 nm (visible to near infrared region of the spectrum). This type of radiation is a continuous wave of a constant beam of relatively low power or irradiance (0.04-50 J/cm 2 ), and the laser is directed at the target tissue using powers measured in milliwatts (mW). 2 A typical example of a laser used in LLLT is the helium-neon (He-Ne) laser, which emits red light at a wavelength of 632.8 nm. 5 Red light does not penetrate very effectively below the skin surface, but it is an excellent source of stimulation on a range of growth factors and is effective for wound healing or superficial condition.s 5 He-Ne laser light can penetrate as deep as 0.5 mm into freshly excised human skin and delivers the highest relative percentage of incident energy to a certain volume of tissue. A penetration depth of even a few microns can be regarded as sufficient, because most of the relevant target cells for the induction of wound healing by LLLT-namely, fibroblasts, keratinocytes, macrophages, and endothelial cells-are located within the epidermis and upper dermis. 4 The biostimulating effect of LLLT results in an increase in microcirculation, higher rates of ATP, RNA, and DNA synthesis, and thus improved tissue oxygenation, nutrition, and regeneration. 6 The increased activity is generally followed by a period of decreased activity, usually after several irradiations. 2 Photons enter the tissue and are readily absorbed in the mitochondria and at the cell membrane. The photonic energy is converted to chemical energy within the cell, in the form of ATP, which leads to normalization of cell function, pain relief, Faculty of Health Sciences, Technikon Witwatersrand, Doornfontein, Johannesburg, South Africa. and healing. Cell membrane permeability is altered, followed by physiological changes in the target cells. 7 The effects of LLLT on wound healing are often attributed to increased cell proliferation. However, the true effect of LLLT on cell proliferation is still controversial, because of conflicting reports on the effects of visible laser light on cells in culture. 8 The magnitude of the laser biostimulation effect depends on the physiological state of the cell at the moment of irradiation. This explains why the effect is not always detectable, as well as the variability of the results reported in the literature. Laser treatment appears to work well in cases of severe damage (e.g., trophic ulcers), while the effect of light on normally regenerating wounds may be insignificant. Karu (1989) stated that light stimulates cell proliferation if the cells are growing poorly at the time of irradiation. Thus, if a cell is fully functional, there is nothing for laser irradiation to stimulate, and no therapeutic benefit will be observed. 9 Fibroblasts are cells of paramount importance in the process of wound healing. The stimulatory effects of LLLT on fibroblast proliferation in vitro are well established. 10, 11 At the cellular level, studies on cultured human fibroblasts have suggested a number of low-level laser effects-increased collagen production and increased cell numbers, for example-whereas other studies showed no effect on DNA synthesis activity, proliferation, collagenase activity. 12 At low doses (2 J/cm 2 ) LLLT stimulates proliferation, while high doses (16 J/cm 2 ) are suppressive, pointing to the dose dependence of biological responses after light exposure. 13 The same type of dose response is observed both in vivo and in vitro and occurs with all common LLLT wavelengths.
The mechanisms of positive influence of LLLT are not completely understood, with various local and systemic medicobiological processes taking place. 14 The effects of wavelength, beam type, energy output, energy level, energy intensity, and exposure regime of LLLT remain unexplained. Moreover, no specific therapeutic window or dosimetry and mechanism of action have been determined at the level of individual cell types. 15 Low-intensity laser irradiations might be of benefit in selected indications if the existing preliminary data can be confirmed by more prospective and well-controlled studies. 16 
MATERIALS AND METHODS

Cell culture
Human skin fibroblast monolayer cultures (ATCC CRL1502 WS1) were grown in Eagle's minimal essential medium (EMEM) with Earle's BSS and 2-mM L-glutamine that was modified to contain 1.0-mM sodium pyruvate, 0.1-mM nonessential amino acids, and 1% penicillin-streptomycin, and supplemented with 10% fetal bovine serum. The cultures were incubated at 37°C with 5% CO 2 and 85% humidity. The cells were examined by inverse microscopy and subcultured according to standard procedures. 17 
Laser irradiation
Irradiations were performed with a helium-neon (He-Ne) laser, at a wavelength of 632.8 nm, 2-mW/cm 2 output power, 3.3-cm diameter spot size with a single dose of 0.5, 2.5, 5, or 10 J/cm 2 . Irradiation experiments were performed in triplicate to determine the effect of a single dose on normal and wounded 3 skin fibroblasts. Fibroblasts were seeded at a final concentration of approximately 5.0 ϫ 10 5 cells per plate, incubated overnight to allow the cells to attach, 17 and irradiated in 500 µl culture medium the following day. For the simulated wound environment, confluent monolayers were first scratched with a sterile pipette of 2-mm diameter. 3 The medium was replaced with 500 µl fresh complete medium 17 and the plates were incubated at 37°C for 30 min before they were irradiated. Each scratch was irregular and the size of the wounds ranged from 1-2 mm in diameter. 3 Using an average laser power density of 1.98 mW/cm 2 , the duration of each exposure was calculated at 4 m 25s for the 0.5 J/cm 2 , 21 m 3s for the 2.5 J/cm 2 , 42 m 5s for the 5 J/cm 2 , and 84 m 10s for the 10 J/cm 2 dose. After the laser irradiation, a 0.25% (w/v) trypsin-0.03% EDTA solution in HBSS was used to detach the cells and the cells were resuspended to obtain a cell number of 1 ϫ 10 5 cells/100 µl and ensure a sufficient number of cells for each biological test. 17 To determine if any significant changes occurred in the normal fibroblasts while being irradiated, the cells were incubated at room temperature for the duration of the total laser irradiation (~2.5 hours at 25°C). Maximum levels for fibroblasts showing total cellular damage (lysis) were obtained by incubating the plate at Ϫ70°C for ~30 min followed by thawing at 37°C for 15 min. 22 A negative control of complete EMEM without cells was used in some of the experiments.
Cell morphology and cellular and molecular parameters
The control, normal fibroblasts and wounded fibroblast behavior was observed using an inverted microscope. The migration (movement of fibroblasts across the central scratch) and haptotaxis (direction or orientation) of the edge fibroblasts was noted to determine the activity of the fibroblasts. 3 Cellular parameters evaluated cell proliferation, cell viability, and cytotoxicity while the molecular parameter assessed the extent of DNA damage using the Comet assay.
MTT assay. The reduction of MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) by mitochondrial succinate dehydrogenase can only occur in metabolically active cells, so the level of activity is a measure of cell viability. 18 100 µl of cell suspension was incubated with 20 µl of MTT reagent (5 mg/ml) for 1 h at 37°C. The cells were centrifuged at 2200 rpm for 5 min. The supernatant was removed and the pellet washed in PBS (10-mM phosphate buffer, pH 7.4, 150-mM NaCl) and centrifuged. The supernatant was removed, 100 µl of isopropanol was added, and the centrifuge tubes were mixed well to solubilize the formazen product. Absorbance was read at 550 nm. 18 Optical density. The optical density at 540 nm (OD 540 nm ) was used to measure cell proliferation or cell density of both irradiated and control samples. 19 The optical density of 4 ϫ 10 4 cells in complete EMEM to a final volume of 100 µl was measured at 540 nm.
Neutral red assay. The proliferating activity after irradiation was determined by the neutral red assay based on the ability of living cells to take up the neutral red dye from the medium and
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retain it in their lysosomes. 5 ϫ 10 4 cells in complete EMEM were incubated with 33-µg/ml neutral red (Sigma N2889) for 1 h at 37°C, fixed with 1% formaldehyde for 30 min and solubilized with 1% acetic acid in 50% ethanol for 30 min. Absorbance was read at 550 nm. 20 Trypan blue exclusion test. Trypan blue is usually excluded from viable cells, but can enter through "holes" in damaged cell membranes and stain the cytoplasm, acting as an indicator of nonviable cells. 20 µl of the cell suspension was mixed with 20 µl of 0.4% Trypan blue in HBSS. The solution was incubated for 5 min and loaded into the hemocytometer-counting chamber, and the total number of cells/ml, the total number of viable (unstained) cells, and total number of nonviable (stained) cells were counted to determine the viability. 21 The percentage of viability was calculated as the number of viable cells (translucent)/total cell number ϫ 100.
LDH membrane integrity assay. The CytoTox 96 nonradioactive cytotoxicity assay measures lactate dehydrogenase (LDH), a stable cytosolic enzyme that is released upon cell lysis. 500 µl of culture medium was removed from each plate after each irradiation. 100 µl of the culture medium was mixed with an equal volume of reconstituted substrate mix. The plate was covered with foil and incubated at room temperature for 30 min. 100 µl of stop solution was added and the absorbance read at 490 nm. 22 Maximum LDH release from total cellular damage (lysis) was induced by incubating the plate at Ϫ70°C for approximately 30 min followed by thawing at 37°C for 15 min. 22 The percentage of cytotoxicity was calculated as the experimental LDH release OD 490 /max. LDH release OD 490 .
ATP cell viability assay. The CellTiter-Glo luminescent cell viability assay is based on the quantitation of ATP present, which signals the presence of metabolically active cells. An equal volume of reconstituted CellTiter-Glo reagent was added to 50 µl of cell suspension. The contents were mixed on an orbital shaker for 2 min and incubated at room temperature for 10 min to stabilize the luminescent signal. The luminescence was recorded in reading light units (RLU). 23 Comet assay. The Comet assay was performed according to Collins. 24 One hundred comets per gel were visually analyzed at random. Cells were scored according to the five recognizable classes of comets, ranging from Class 0 (undamaged, no discernible tail) to Class 4 (almost all DNA in tail, insignificant head). Each comet was allocated a value depending on its classification to obtain an overall score ranging from 0-400 arbitrary units for each gel. 24 The average arbitrary unit for each slide was calculated with a higher number of arbitrary units indicating more DNA damage.
RESULTS
Changes in cell morphology
Changes in normal and wounded fibroblast cell morphology were evaluated by light microscopy. The morphological appearance of resting control fibroblasts without irradiation appeared normal (Fig. 1A) , the cells appearing long and slender. Fibroblasts are slender cells responsible for the maintenance and production of connective tissue fibers. In the wounded fibroblast cultures the wound margin or edge could be clearly seen. Cells appeared in dense clusters close to the edge of the scratch (Fig. 1C) .
The morphological appearance of fibroblasts following irradiation appeared different from the normal resting fibroblasts (Fig. 1B) . At higher doses (10 J/cm 2 ) cultures displayed more evidence of lysis and damage with greater amounts of debris and fragmented cells. Wounded fibroblasts following irradiation showed an increase in the cell density around the wound margin, while there was evidence of cellular damage at higher doses (10 J/cm 2 ) where some cells were rounded off and detached (Fig. 1D) . Wounded cells that were irradiated and incubated overnight at 37°C showed a higher rate of fibroblast migration across the central scratch (Fig. 1E) .
Morphological changes of normal fibroblasts simulating total cellular damage demonstrated evidence of lysis with debris and fragmented cells. Many of the cells appeared to have lost their basic morphology and were shedded or detached from the flask surface (Fig. 1F ).
Cellular and molecular parameters
Effect of LLLT on normal fibroblasts. The experiments were performed in triplicate and the average value represented to summarize the results obtained. The percentage of viability obtained for the doses of 0.5, 2.5, and 5 J/cm 2 showed little deviation from the control; however, with a dose of 10 J/cm 2 , the damaged cells with a viability percentage of 20.3% (p = 0.0009) indicated a statistically significant decrease in the percentage of viability. According to Bonferroni's method, if the differences in the mean value of the treatment groups are greater than would be expected by chance (p = Յ 0.05), there is a statistically significant difference. The MTT assay (Fig. 2) showed a reduction in viability for the 0.5-and 10-J/cm 2 doses and the lysis sample. There was a statistically significant difference for the lysis sample (p = 0.00321) and 10 J/cm 2 (p = 0.044), indicating a reduction in the mitochondrial activity and viability of irradiated fibroblasts when compared to the normal unirradiated control. The reduction in cell viability using the MTT and ATP assays at the 0.5-J/cm 2 dose may indicate the cells' initial response or shock to the laser irradiation (Fig. 2) . The ATP enzyme assay showed a statistically significant decrease in the viability for the 0.5 J/cm 2 (p = 0.046) and 10-J (p = 0.029) doses and the lysis sample (p Յ 0.0001).
The optical density at 540 nm (OD 540 nm ) decreased at 0.5 J/cm 2 , increased at 2.5 and 5 J/cm 2 and returned to within normal limits at 10 J/cm 2 ; however these results did not prove to be statistically significant (Fig. 3) . The MTT, ATP, and OD 540 nm showed a decrease in cell viability and cell proliferation for cells exposed to 0.5 and 10 J/cm 2 and for the lysis sample, while 2.5 J/cm 2 showed a favorable increase in cell viability, indicating that the cells overcame the initial shock from the laser irradiation and wounding and were stimulated to normalize cell function, repair, proliferate, and maintain viability. The neutral red assay (Fig. 3) showed an increase in cell proliferation for doses of 0.5 and 2.5 J/cm 2 , followed by a slight decrease between 5 and 10 J/cm 2 ; however, 0.5, 2.5, and 5 J/cm 2
FIG. 1. Normal resting fibroblasts are normally long and slender (A). The percentage confluence was approximately 85% (a).
Normal fibroblasts following irradiation (B) with a dose of 10 J/cm 2 appeared to have rounded off (a) while some cells detached from the surface of the culture plate (b). For the simulated wounds (C), confluent monolayers were scratched with a sterile pipette (s). The wound margin (m) can be clearly seen, and cells appeared in dense clusters close to the edge of the scratch (c). Irradiated (10 J/cm 2 ) wounded fibroblasts displayed evidence of lysis and damage (D). Cells were more densely populated (d) around the wound margin (m), and some cells appeared to have rounded off (b). Irradiated (2.5 J/cm 2 ) wounded fibroblasts were incubated overnight at 37°(E) and showed migration (a) of the fibroblasts across the central scratch. Normal fibroblasts subjected to extreme conditions showed evidence of lysis with debris and fragmented cells (a). Cells lost their basic morphology and were shedded or detached from the flask surface (F).
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FIG. 3.
Biological parameters were used to determine the effect of 0.5J, 2.5, 5, and 10 J/cm 2 on normal (--) and wounded (-----) human skin fibroblasts. Additional experiments included cells incubated at room temperature (22°C) and those displaying lysis or maximum cellular damage. Cell proliferation was measured using the Neutral red assay (•) and optical density (■) at an absorbance of 550 and 540 nm, respectively. appeared to increase cell proliferation when compared to the normal unirradiated control cells. The LDH membrane integrity assay showed a significant increase in the release of LDH from the cell membrane for a dose of 10 J/cm 2 and the lysis sample (p Յ 0.0001) when compared to the normal control, indicating an increase in the amount of cellular damage to the cell membrane. The percentage of cytotoxicity for the highest dose (10 J/cm 2 ) was 34.69% compared to the normal control of 24.63% (Fig. 4) . The LDH value for a sample representing total cellular damage was 3.738 and was used to calculate the percentage of cytotoxicity since it represents 100% lysis or cytotoxicity. The Comet assay showed an increase in the amount of DNA damage for irradiated cells when compared to the normal control. The amount of damage rose from 119 arbitrary units for the normal control to 249 arbitrary units for cells irradiated at 5 J/cm 2 (Fig. 4) . The sample representing total cellular damage showed the highest amount of molecular damage at 308 arbitrary units (p = 0.002). All the treatment groups showed a statistically significant increase in the amount of DNA damage when compared to the normal control, indicating an increase in the amount of molecular damage.
The results for cells incubated at room temperature (22°C) for ~2.5 h did not show a statistically significant variation from the normal control (37°). The cell viability, cell proliferation, and DNA damage studies did not show any adverse effects for samples incubated at temperatures < 37°C. The results for cells simulating total cellular damage showed a significant decrease in cell proliferation (optical density) and cell viability (Trypan blue, MTT assay, and ATP enzyme assay) with an increase in the percentage of cytotoxicity (LDH membrane integrity assay) and DNA damage.
Effect of LLLT on wounded fibroblasts. Viability decreased from 98.7% for the wounded control (37°) to 94.5% for wounded cells irradiated at 5 J/cm 2 ( Table 1 ). The viability percentage obtained for the 2.5-, 5-, and 10-J/cm 2 doses showed a statistically significant decrease in cell viability when compared to the unirradiated control. The MTT and ATP assays showed a reduction in cell viability and mitochondrial activity when compared to the previous results obtained for normal fibroblasts irradiated with the same dose. The reduction in cell viability may have resulted from inducing a wound environment potentially altering cellular processes, which may require additional time for cells to respond and start proliferating. It should be noted that two events are occurring simultaneously; firstly, the cells are responding to additional stress in the form of a wound, and secondly, the cells are responding to laser irradiation.
The MTT and ATP assays did not display the initial decrease in cell viability as did the normal fibroblasts when exposed to 0.5 J/cm 2 . A possible explanation for this may be that the fibroblasts have been stimulated by wounding and are able to elicit a better response to laser irradiation. The MTT assay 
FIG. 4.
Biological parameters were used to determine the effect of 0.5, 2.5, 5, and 10 J/cm 2 on normal (--) and wounded (-----) human skin fibroblasts. Additional experiments included cells incubated at room temperature (22°C) and those displaying total cellular damage (lysis). The percentage of cytotoxicity (■) was calculated from the LDH membrane integrity assay using 3.738 at 492 nm as the maximum amount of LDH released from fibroblasts in a 3.3-cm 2 culture flask. The values obtained reflect the amount of cellular damage as a percentage of the total amount of LDH released if the all the cells are damaged. DNA damage was assessed after the laser irradiation using the Comet assay. The amount of DNA damage for normal and wounded fibroblasts was represented in arbitrary units.
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( Fig. 2) showed an increase in the viability at the 0.5-and 2.5-J/cm 2 dose while there was a decrease at the 5-and 10.0-J/cm 2 doses. The ATP enzyme assay showed a statistically significant reduction in the viability for the doses at 5.0 J/cm 2 (p = 0.055) and 10 J/cm 2 (p = 0.048) (Fig. 2) while the 0.5 J/cm 2 remained within the normal range when compared to the unirradiated wounded control. The decrease in cell viability at higher doses (5 and 10 J/cm 2 ) may support previous publications 18 that state that higher doses are suppressive and reduce cell proliferation and cell viability. Both normal and wounded fibroblasts exposed to 2.5 J/cm 2 showed an increase in cell viability and cell proliferation, indicating a stimulatory effect of LLLT while the percentage of viability and cell proliferation were reduced after doses of 5 and 10 J/cm 2 , indicating an inhibitory effect of higher doses.
The optical density at 540 nm (OD 540 nm ) showed a decrease for all doses when compared to the wounded unirradiated control (Fig. 3) . The neutral red assay (Fig. 3) showed a statistically significant increase in cell proliferation for doses of 2.5 J/cm 2 (p = 0.047) and 5 J/cm 2 (p = 0.043). There was a decrease in cell proliferation for wounded cells irradiated at 0.5 J/cm 2 , while doses of 2.5, 5, and 10 J/cm 2 showed a proliferation rate greater than that in the wounded unirradiated control.
The LDH membrane integrity assay showed a significant increase in the release of LDH from the cell membrane for the doses of 5 and 10 J/cm 2 when compared to the unirradiated wounded control, indicating an increase in the amount of cellular damage at those doses. The cytotoxicity for the highest dose (10 J/cm 2 ) was 52.91% when compared to the normal control of 42.21% (Fig. 4) . The percentage of cytotoxicity showed an increase in the amount of damage to wounded and irradiated cells when compared to the wounded control fibroblasts and to the previous results obtained for normal fibroblasts irradiated with the same dose (Fig. 4) . The cytotoxicity rose to 52.91% for wounded cells irradiated at 10 J/cm 2 , which was approximately 18% greater than the value obtained for normal fibroblasts irradiated at the same dose, confirming that wounding contributes to the amount of cellular damage.
The Comet assay showed an increase in the amount of DNA damage for wounded cells irradiated at higher doses (5 and 10 J/cm 2 ) when compared to the wounded control fibroblasts. The amount of damage rose from 183 arbitrary units for the control to 268 arbitrary units for cells irradiated at 10 J/cm 2 (Fig. 4) . The higher doses (5 and 10 J/cm 2 ) showed an increase in the amount of DNA damage when compared to the normal cells irradiated with the same dose, indicating an increase in the amount of molecular damage. The Comet assay also confirmed that wounding contributes to the amount of molecular damage, since the arbitrary units rose from 119 for the normal control to 183 for the wounded control.
DISCUSSION
To explain the biostimulation effect of low-intensity radiation, Karu (1988) proposed a chain of molecular events starting with the absorption of light by a photoreceptor, which leads to photoactivating enzymes in the mitochondria, signal transduction and amplification, and finally results in the photoresponse. 9 Light is absorbed by components of the respiratory chain, which leads to changes in both the mitochondria and the cytoplasm. At low-laser doses, additional Ca 2+ transported into the cytoplasm triggers mitosis and modulates DNA and RNA synthesis, which modulates and enhances cell proliferation. At higher doses too much Ca 2+ is released, which exhausts the ATP reserves of the cell 9 .
A strong relationship exists, first, between light parameters and biostimulation effects on a cellular level, and, second, between the moment of irradiation and limits of magnitude of biostimulation effects. 25 Parameters of light, such as wavelength, fluence (W/cm 2 ), and intensity, play the most important roles in both stimulation and inhibition of cellular metabolism. For stimulation, a narrow and well-defined range of parameters for light exists, and increasing the fluence (surface dose contributed from all directions per unit area) by two or three orders of magnitude inhibits cellular metabolism and may even have a lethal effect on the cells. The fact that irradiation of cells with visible light of the same wavelength and absorption of this light by the same molecules have a positive effect (increased proliferation) and a negative one (damage to intracellular systems) may be explained by different reactions that prevail in cases of lower and higher fluences. 25 From the results, the parameters selected showed structural, cellular, and molecular effects for different doses (0.5, 2.5, 5, and 10 J/cm 2 ) of laser irradiation on fibroblasts. The fibroblast responses were sufficient enough to produce measurable differences that could distinguish normal cells and wounded cells with and without laser irradiation. The parameters provided information about the cell function (MTT, ATP, optical density, and neutral red assay) and the extent of damage at cellular and molecular levels (viability and cytotoxicity percentages and DNA damage). The Comet assay and percentage of cytotoxicity provided evidence of cellular and molecular damage and can be used together to assess the damage on the cells. The parameters could be used to measure the cellular and molecular effects of laser irradiation in other therapies such as photodynamic therapy. Slight changes in cell morphology and cell proliferation are difficult to detect; however, at higher doses (10 J/cm 2 ), indicators such as debris and cell fragments showed cell lysis and cellular damage. Light microscopy was used to demonstrate a clear wound margin and confirmed that a central scratch created a successful wound environment. A clear wound margin, edge fibroblasts, and migration of fibroblasts were morphological differences that were used to distinguish wounded from normal cells. The migration rate of fibroblasts across the central scratch is a good indicator of cell proliferation. LLLT appears to stimulate wounded cells to normalize cell function, maintain viability, and increase cell proliferation so that fibroblasts migrate across the central scratch in an attempt to close the wound.
An increase in the optical density can be used to measure cell proliferation; however the optical density can also be increased if there is cell lysis, fragmentation, or cellular debris. The values obtained for optical density should be used with the LDH membrane integrity assay and percentages of cytotoxicity to assess cellular damage, and with the neutral red assay to assess cell proliferation. The Comet assay can be used with viability percentages to determine the degree of damage in viable cells.
Normal fibroblasts can be irradiated at room temperature (22°C) since normal fibroblasts incubated (22°C) for 2.5 h had similar values to the control (0 min at 22°C), indicating a minimal effect on cell proliferation and cell viability. Fibroblasts simulating total cellular damage showed a significant amount of damage at both cellular and molecular levels when compared to the normal unirradiated control. This condition was established as a positive control to confirm that the experimental tests were sensitive enough to detect structural, cellular, and molecular changes.
From the results, 2.5 J/cm 2 appeared to have a stimulatory effect by increasing cell proliferation while maintaining cell viability of normal and wounded fibroblasts without adversely increasing the amount of cellular and DNA damage. The results also revealed differences in cell proliferation, cell viability, and damage between the normal and wounded cells, with more damage for wounded cells at cellular and molecular levels. These differences can be used to distinguish and characterize normal and wounded cell responses to LLLT.
CONCLUSION
From this study distinct cellular and molecular effects of low-level laser therapy of normal and wounded skin fibroblasts could be detected. Some of the parameters complement each other and provide information about the cellular processes (proliferation and metabolic activity) of the cells following irradiation. Cell responses for irradiated normal and wounded fibroblasts at different doses could be identified and compared. This study suggests that LLLT can alter the cellular processes of normal and wounded fibroblasts following irradiation in a dose-dependent manner.
